We study the implications of the recently measured Re(ǫ ′ /ǫ) = (2.12±0.46)× 10 −3 on spontaneous CP violation in Weinberg model. Previous studies indicate that the model seemingly cannot accommodate the experimental values on ǫ in K 0 −K 0 mixing, the neutron electric dipole moment (EDM), and the branching ratio of b → sγ. Careful examination of the uncertainties in the hadronic matrix elements show that the model cannot be conclusively ruled out from these considerations alone. However, we find that even if such uncertainties are taken into account, it is not possible to simultaneously satisfy the above experimental constraints plus the recently obtained value for ǫ ′ /ǫ.
I. INTRODUCTION
The origin of CP violation is one of the outstanding problems of modern particle physics.
The Standard Model (SM) of CP violation based on Kobayashi-Maskawa (KM) mechanism is consistent [1] with observations of CP violation in K S and K L mixing [2] and in K S,L → ππ decay amplitudes [3] , there are intriguing hints of other plausible explanations which emerge from consideration of baryon asymmetry of the universe [4] . In addition, for the purpose of pursuing a deeper understanding of the origin of CP violation, it is useful to look for other mechanisms that can also account for the exisiting experimental data. Models based on additional Higgs bosons [5, 6] provide alternatives which explain the existing laboratory data [7] and provide the large CP violation required for baryon asymmetry [4] . Such models also allows CP symmetry to be broken spontaneously [6, 8] and therefore provides an interesting explanation of the origin for CP violation. The minimal model of this type satisfying the requirement of neutral flavour conservation at tree level is the Weinberg model of CP violation with three Higgs doublets [6, 8] . In this paper we will study the implications of the recently measured large CP violation in ǫ ′ /ǫ for this model. 
where R(L) = (1 ± γ 5 )/2, M U,D are the diagonal up and down quark mass matrices. The parameters α i and β i are obtained from diagonalizing charged Higgs mass matrix with
2 ). The KM matrix elements V ij are all real due to the requirement of spontaneous CP violation.
Naively if one takes only the short-distance CP violating ∆S = 2 interaction, due to either two charged Higgses, or one charged Higgs and one W exchanges, as responsible for the measured value of ǫ in K 0 −K 0 mixing, then, since the charged Higgs couplings to light fermions are proportional to the fermion masses a very large CP violating coupling is required to fit the data. If this same CP violating parameter is then used for the calculation of ǫ ′ /ǫ, the contribution is much larger than the experimental value [10, 11] . It was later
shown that if the combined effects of one CP conserving and one CP violating ∆S = 1 interaction is the dominant contribution to ǫ, the model can be made consistent [12, 13] .
Previous studies show that although the Weinberg model is consistent with CP violation in kaon system, has problems with the neutron electric dipole moment (EDM) [14] and the branching ratio for b → sγ [15, 16] . Here we show that when uncertainties associated with these analyses are taken into account, there are still regions in the parameter space with which the Weinberg model is consistent with experimental values on ǫ, the neutron EDM and the branching ratio for b → sγ. However we find that when these constraints are satisfied, it is not possible to obtain the experimental value for ǫ ′ /ǫ. The Weinberg model of spontaneous CP violation is therefore now ruled out.
II. ǫ ′ /ǫ IN THE WEINBERG MODEL
The dominant contribution to ǫ ′ /ǫ in the Weinberg model is from the flavor changing gluonic dipole interaction given by [15] 
where i is summed over u, c, t and η g = (α s (m H )/α s (µ)) 14/(33−2n f ) is the QCD correction factor [17] with n f being the number of quark with mass less than µ. To obtain this correction factor we will use one loop running for α s to 1 GeV with α s (m Z ) = 0.119. The contribution to ǫ ′ /ǫ is dominated by the lightest charged Higgs exchange. In our later discussions, we will assume H + 1 is the lighter one and the other is very heavy and its effects can be neglected.
We will comment on the potential impact of the second charged Higgs when it is not so heavy at appropriate places later.
Theoretical analyses for ǫ ′ /ǫ are conventionally carried out in terms of the isospin am-
where ω = 
with m 2 0 ≈ 1 GeV 2 [18, 19] . Result obtained using a bag model calculation of [11] and the use of current algebra gives similar value.
It was later realized that the above result is incorrect because an important "tadpole" contribution due to the K-vaccum transition caused by the same operator had been neglected.
This contribution cancels exactly the PCAC result obtained above [13, 18] . In a chiral perturbation theory approach this means that the leading order contribution vanishes as expected from the Feinberg-Kabir-Weinberg Theorem [13] . A non-zero value for < (ππ) 0 |O|K > can only be generated at p 4 order in chiral perturbation theory, and can be estimated to be [19] < (ππ) 0 |O|K >= −11 3 2
where B o is a factor of order one representing the potential error in the above estimate.
Using the above matrix element, one obtains
In the above we have included the correction factor Ω η+η ′ = 0.25 due to isospin breaking [20] .
To produce the recently observed value for ǫ ′ /ǫ at 2σ level,f B 0 has to be in the range Still we allow B o to vary from 0.5 to 2 to allow possible unknown uncertainties [21] . The most conservative range forf is then (0.35 ∼ 3.6)×10 −10 GeV −2 .f smaller than 0.35×10
GeV −2 in magnitude is unlikely to generate large enough ǫ ′ /ǫ. In the following section we study the implications of the above result for the Weinberg model.
III. CONSTRAINTS FROM OTHER EXPERIMENTS
There are several places stringent constraints can come from. We will study the ones from ǫ, the neutron EDM and the branching ratio for b → sγ.
A successful model for CP violation must to be able to produce the experimental value for ǫ. As have been mentioned before in this model the short distance ∆S = 2 interaction gives a too small value for ǫ, dominant contribution actually comes from long distance effect and CP violation due to the gluonic dipole interaction. Following Ref. [13] we assume the contribution to ǫ is from the π, η, η ′ poles with one CP conserving and one CP violating K to π, η, η ′ transitions. One has [13] |ǫ| =f
where ∆m L−S is the mass difference of the long and short lived neutral kaons, θ is the η − η ′ mixing angle, δ and ρ parametrize SU(3) and U(3) breaking effects, respectively. In the SU(3) limit δ = 0, and in the U(3) limit ρ = 1. H πK is the CP conserving ∆S = 1, K − π transition amplitude which is determined from current algebra to be [13] H πK = 2.578×10 −8
GeV 2 .H πK =f g s m s A Kπ is the CP violating K − π transition due to the gluonic dipole interaction. Here the coupling constant g s is at the Kaon scale and is not well determined.
We follow Ref. [22] to use g The magnitude is about four or five times larger. Within the allowed parameter space, κ can vary between 0.2 to -1.0. We note that the sign of κ changes in the allowed range of parameters which implies that the relative sign of ǫ and ǫ ′ can change. This can provide a constraint on the parameters.
The uncertainty in the value A πK is also quite large. A bag model calculation gives A πK = 0.4 GeV 3 [11] . The main uncertainties contain the determination of the numerical values of α s at the kaon decay scale, the bag radius R and the strange quark masse m s in bag model [23] . A factor of two to three times larger for A πK is not ruled out. In view of these uncertainties, we consider (κ, ) and lead to difficulties with other data to be discussed in the following. We will use values of the KM matrix elements within the errors given in Ref. [2] such that constructive result is obtained. The magnitudes for the KM matrix elements are mainly determined from tree dominated processes except that V td can be affected significantly from loop corrections to B −B mixing. We will use the values for relevant KM elements in Ref. [2] for later discussions with V ud = 0.9741, V us = 0.221, V cd = −0.220, V cs = 0.9740 and V ts = −0.040.
The charged Higgs boson contribution to the neutron EDM is strongly restricted. The dominant term comes from the down quark EDM. Using valence quark model, we have
Here we have neglected small QCD correction to the electric dipole operator from the gluonic dipole operator induced by mixing. The leading QCD correction factor for eletric dipole operator is then given by [17] There are also constraints from CP conserving processes on the parameters in the Weinberg model. The strongest constraint comes from b → sγ [15, 16] . In this model, although dsγ interaction is constrained to be small, the corresponding bsγ interaction is enhanced by a factor of (∼ m 
In the above we have neglected small contribution from gluonic bsg interaction. The term
The present experimental branching ratio Br(b → sγ) is given by [33] , (3.15±0.54)×10 We would like to emphasis that had we not used the constraint from the recently measured ǫ ′ /ǫ, it would have been possible to obtain consistent solutions to account for ǫ, the neutron EDM and the branching ratio for b → sγ. This is because that the uncertainties in estimating ǫ is still quite large. The κ parameter can change a factor of four to five, the bag model calculation of A Kπ can be off by a factor of two to three. To produce ǫ, |f| as small as 1.7 × 10 −11 GeV −2 is possible. With this value off , there is no conflict with the neutron EDM and the branching ratio for b → sγ.
Finally we would like to point out that if spontaneous CP violation is abandoned, and explicit CP violation is introduced in both the Higgs interaction and W interaction by a phase in the KM matrix, this new model (which we will call the modified Weinberg model)
is not then ruled out. Due to the constraint from b → sγ, the contribution to ǫ ′ /ǫ from the Higgs interaction is small, and the main contribution is the same as that in the SM. There has been a lot of discussion in the literature, generated by the observation that reproducing the observed value of ǫ ′ /ǫ requires the parameters of the SM to be near the extremes of the allowed range, about new physics which can more easily produce a large ǫ ′ /ǫ [34] . However, as has been pointed out in Ref. [1] there are large uncertainties in the calculations due to our poor understanding of the hadronic matrix elements. One can find allowed regions in parameter space in which the experimental value for ǫ ′ /ǫ is produced in the SM, and thus in the modified Weinberg model.
It is interesting to note that this modified Weinberg model can still have a neutron EDM which is very different from the SM prediction. Althoughf is constrained to be less than 2 × 10 −11 GeV −2 in order to satisfy data from b → sγ, the contribution due to valence 
